Study Design: Prospective, prognostic study, level II evidence. Purpose: To define the normal change in the creatine kinase (CK) levels in patients undergoing prone or supine lumbar or cervical spine surgery and to determine if positioning influences the postoperative changes in the CK levels. Overview of Literature: Spine surgery is one of the most commonly performed and fastest growing areas of surgery in the United States. Thus, the various possible complications need to be understood, and risk factors for these complications need to be mitigated. One of the rare complications, reported in the literature as small case series and case reports, is rhabdomyolysis, diagnosed by high CK levels. Thus far, very few studies have examined the rise in CK levels following spine surgery, and to our knowledge, none has assessed the potential association of surgical positioning and the rise in CK levels. Methods: We retrospectively analyzed 94 patients. We obtained their preoperative CK levels, and re-assessed their CK levels at postoperative day (POD) 1, 2, and 3, as well as at their 2-week follow-up. The data were analyzed with respect to the spine level and positioning to determine if positioning had any effect on the postoperative rise in the CK level. Results: Total 94 consecutive patients were enrolled in this study. The average preoperative CK level was 179.64, and the average CK level was 847.04 on POD 1. Prone positioning showed a greater rise in the CK levels following surgery than the supine positioning. In a similar manner, lumbar procedures led to a larger rise in the CK levels than cervical surgery. Prone/lumbar surgery showed the largest increase among all groups. Finally, revision surgery and instrumentation both increased the postoperative CK levels. Conclusions: This study demonstrated that positioning can affect the postoperative CK level rise, with patients undergoing prone/ lumbar surgery showing the greatest rise in the postoperative CK levels. This rise, however, may be related to paraspinal muscle damage, rather than the positioning itself.
Introduction
Spine surgery is one of the most common and fastest growing operating room procedures, with a rise from 485,000 laminectomies performed in 2001 to 488,000 performed in 2011, and 288,000 fusions in 2001 rising to 488,000 in 2011 [1] . Thus, it is important for surgeons to be familiar with the several possible complications, irrespective of their rarity. Rhabdomyolysis is one such rare but potentially devastating complication that involves the risk of acute kidney injury (AKI). AKI is reported to occur in 13%-50% of all rhabdomyolysis cases and is associated with a mortality rate of 20%-50% [2] . Several case reports/series have reported rhabdomyolysis and subsequent AKI after spinal procedures. Dakwar et al. [3] reported five cases of rhabdomyolysis and AKI in 315 patients undergoing spine surgery using the minimally invasive lateral approach. Creatine kinase (CK) levels of these patients ranged from 5,000-56,000 U/L with a mean of 25,861 U/L [3] . Other case studies show similar findings during lumbar spine fusion surgery [4] .
Few studies have examined the change in the CK levels following surgery [5] [6] [7] [8] . These studies, however, have either focused only on posterior lumbar surgery [5, 8] , the degree of invasiveness [6] , or have used a small sample size in a wide variety of procedures for a large number of diagnoses [7] . The present study aimed to determine the normal range of CK levels following elective spine procedures in active and dependent patients; we further aimed to determine whether the approach method influenced the development of rhabdomyolysis. Furthermore, this study was designed to assess whether positioning had any effect on the change in the serum CK values. This may assist spine surgeons in identifying patients at a higher risk of these rare and serious complications to enable more efficient management. We hypothesized that patients undergoing prone surgeries would have a larger rise in their postoperative CK values than those undergoing anterior procedures. We also speculated that a larger increase may be seen in patients undergoing prone surgery owing to a combination of pressure points over the muscular compartments with prone surgery as well as the increased muscle damage resulting from the dissection in posterior surgeries.
Materials and Methods

Study design
After obtaining approval from the Institutional Review Board of Dwight David Eisenhower Army Medical Center (IRB approval no., 404358), a prospective cohort study was initiated for patients undergoing elective spine surgery performed by a single fellowship-trained orthopedic spine surgeon at a single institution from January 2014 to December 2014.
Patient population
All the patients undergoing elective cervical or lumbar spine surgery were considered for participation. As per the inclusion criteria, adult patients aged ≥18 years who were scheduled to undergo elective primary or revision cervical and lumbar spine surgery in either the prone or supine position were included. Exclusionary criteria included the presence of traumatic injuries, age <18 years, surgical intervention for an underlying infection or tumor, pregnancy, or a personal history of rhabdomyolysis. A preoperative power analysis determined the need for at least 35 patients in the supine and prone groups to capture the small effect sizes that were being studied. The study enrolled consecutive patients; therefore, a sample size of 150 was set to ensure at least 35 patients in each group, after excluding the patient dropouts.
Data collection
All the patients indicated for a surgical procedure were offered study participation, and those who agreed to participate were requested to provide informed consent during their normal, scheduled preoperative appointment. At the standard preoperative appointment, the CK level (units/ liter [U/L]) was assessed along with the patients standard preoperative labs, 1-14 days prior to the surgical intervention. Following surgery, all the patients underwent postoperative admission, with daily CK values being measured throughout the course of hospitalization.
In addition to these CK values, demographic information of the patients (age, sex, and ethnicity), preoperative renal function, intraoperative positioning, intraoperative blood loss, intraoperative fluid administration, number of levels operated on (defined as the number of traversed disc spaces), and surgical duration were recorded. The primary variable was the clinical diagnosis of rhabdomyolysis during the postoperative period. The study endpoint was the 2-week follow-up.
Statistical analyses
Statistical analyses were performed using SAS ver. 9.4 distribution (SAS Institute Inc., Cary, NC, USA), and the characteristics of all the variables were assessed. A between-group t-test was used to determine differences in the CK levels for surgery in the prone versus the supine position. Regression analysis was used to assess the preoperative or intraoperative factors predictive of elevated CK values. Prior to the statistical analyses, the data were screened for outliers, and the distributions were examined for skewness and kurtosis.
A correlation analysis, using Spearman's correlation coefficient, was performed to examine the relationship between preoperative CK and postoperative day (POD) 1 CK, CK change (difference) at POD 1, and CK change (ratio) at POD 1 (POD 1/preoperative). Descriptive statistics were calculated for all the quantitative and qualitative variables. Wilcoxon rank-sum test was used for performing comparisons between the two spinal regions (cervical versus lumbar), the two positions (prone versus supine), as well as instrumentation (yes/no) and revision (yes/ no). The Kruskal-Wallis test was used to compare the outcomes among the three groups defined by the number of levels (1, 2, and 3 or more) and the four groups defined by the spinal region and the position (cervical/prone, cervical/supine, lumbar/prone, and lumbar/supine). An alpha level of 0.05 was used to indicate the statistical significance.
Results
Over the study period, 166 patients underwent spine surgery. Of these, 20 met the exclusion criteria, with all of them undergoing surgery for an underlying infection. Seventeen patients declined study participation. Of the remaining 134 patients, 19 failed to undergo preoperative CK measurement, and 21 had incomplete follow-up CK data sets, leaving a total of 94 patients for study inclusion and prospective evaluation (70% male, 30% female; average age, 47.58±10.77 years) ( Table 1 , Fig. 1 ). None of 94 patients received a postoperative diagnosis of rhabdomyolysis.
Surgical procedures are summarized in Table 2 . A total 57 patients underwent lumbar surgery, and 37 underwent cervical spine surgery, with 41 procedures being performed in the prone position and 48 in the supine position. A majority of the patients (52%) were white, 32% were black, and 10% were from other ethnic groups. The patients were divided into three groups based on the number of levels operated on; the three groups were one level (n=61), two levels (n=21), and three or more levels (n=12). Instrumentation was utilized for 85% of the patients, and only six patients underwent revision surgery, while 88 underwent primary surgery.
The surgical variables and the average CK values are presented in Table 3 . The preoperative CK, CK at POD 1, CK change (difference) at POD 1, and CK change (ratio) at POD 1 were examined. The preoperative CK values ranged from 29-779 U/L. Overall, 45 of the 94 patients (48%) had an elevated preoperative CK value, defined as a value >150 U/L. Preoperative CK values were not significantly correlated with the CK values at POD 1, CK change (difference) at POD 1, or CK change (ratio) at POD 1.
The preoperative CK levels were significantly higher for men than for women (p=0.0082). Despite higher baseline CK levels in men, there were no significant sex-based differences in the CK values at POD 1 (p=0.2846), CK change (difference) to POD 1 (p=0.8739), and CK change (ratio) to POD 1 (p=0.2525). The variability was proportionally higher for men (Table 4) .
When the CK variables were assessed based on race, a trend for the magnitude of the CK variables between the races was observed, though not statistically significant. African-American patients had the highest preoperative CK values (p=0.0824) and POD 1 CK values (p=0.2076); furthermore, this ethnic group showed the greatest change in both difference (p=0.3968) and ratio (p=0.3419) ( Table  5) .
Comparing the change in the CK level at POD 1 between the cervical and lumbar cases, the mean difference in the CK change between the preoperative and POD 1 CK values was 450.08 U/L for the cervical group and 811.25 U/L for the lumbar group; however, this difference was not significantly significant (p=0.052). However, the ratio of the CK change from preoperative to that at POD 1 was 3.65 in the cervical group and 6.05 in the lumbar group, representing a significant difference (p=0.014) ( Table 6 ).
Looking at the difference in the preoperative and POD 1 CK values in the prone and supine positions, the prone position patients had a mean difference of 884.90 as compared to the supine position patients who had a mean difference of 478.85 U/L. Both the differences and ratios of the change were statistically significant (p=0.022 and p=0.0055, respectively) ( Table 7) . Within the subgroups, defined by patient position and spinal region operated on, the CK change (difference) to POD 1 was not signifi- Posterior fusion 12
Posterior interbody fusion 11
Combined posterior/anterior lumbar 2 ACDF, anterior cervical discectomy and fusion; TDR, total disc replacement; XLIF, extreme lateral interbody fusion; ALIF, anterior lumbar interbody fusion.
cantly different among the four groups: prone and cervical, supine and cervical, prone and lumbar, and supine and lumbar (p=0.109). However, the CK change (ratio) to POD 1 was significantly different among the four groups (p=0.026). Using Dunn's post-hoc multiple comparison test to compare the medians, the supine and cervical group was significantly different from the prone and lumbar group (p<0.05) ( Table 8 ).
There was no significant difference in the CK change (difference) to POD 1 or CK change (ratio) to POD 1 among the patients with one, two, or three or more levels operated on (p=0.210 and p=0.379) ( Table 9 ). The CK change (difference) to POD 1 values was significantly higher for instrumentation versus no instrumentation (p=0.017). There was no significant difference in the CK change (ratio) to POD 1 in the two groups (p=0.123); this was also calculated using Wilcoxon rank-sum test (Table  10 ). Despite only six revision cases, the CK change (difference) to POD 1 (p=0.0035) and CK change (ratio) to POD 1 (p=0.007) values were significantly higher for the revision versus no revision cases, as calculated using Wilcoxon rank-sum test (Table 11) .
Discussion
In this prospective study, we failed to identify any cases of By Wilcoxon rank-sum test.
rhabdomyolysis among patients undergoing cervical or lumbar spine surgery. The average change in the CK levels from the preoperative value to that at POD 1 for lumbar spine surgery was 811.25 U/L, and the average change for cervical surgery cases was 450.08 U/L. The change ratio was 6.05 and 3.65 for lumbar and cervical surgery, respectively. In a similar manner, the average change was 884.90 U/L and 478.85 U/L, with change ratios of 6.90 and 3.29 for prone and supine positioning, respectively. Furthermore, the largest change was seen with prone lumbar surgery, while the lowest change was seen for supine cervical surgery. Finally, the revision procedures had statistically By Wilcoxon rank-sum test. By Kruskal-Wallis test. By Wilcoxon rank-sum test. By Wilcoxon rank-sum test. By Wilcoxon rank-sum test.
significant increases in the CK levels and the CK ratios, while the instrumentation produced statistically significant increases in the change in the CK levels alone. There was no significant difference with respect to the body mass index, age, sex, or ethnicity. These results are similar to those reported by Kawaguchi et al. [5] in 1997. They looked at the CK-MB isoenzyme rise following both anterior and posterior lumbar procedures to find that the CK levels rose more for posterior approaches than for the anterior approaches, and multilevel surgery showed higher rises than single level surgery [5] . This study, however, did not include any patients who underwent posterior instrumentation [5] . Further, in 2007, Arts et al. [6] showed that maximally invasive surgery led to a statistically significant increase in the preoperative/postoperative CK ratio compared to average and minimally invasive surgery. In a similar manner, there was a lower change when cervical surgery was compared to thoracic and lumbar surgery and to anterior to posterior procedures, although the changes that they saw were smaller than those in the current study [6] . Finally, in 1997, Lenke et al. [7] examined the increase in CK-MB isoenzyme following spine surgery. They found that patients with more than one operative level showed increases in the enzyme level above the upper limit of normal, and a larger number of involved levels gave a higher rise in the CK-MB. This study, however, grouped all the patients together, for a multitude of different diagnoses and procedures. There was no division between the spinal levels or the approaches [7] .
Clearly, the results of this study are comparable to those of other studies, showing the expected rises in the CK levels after various types of spine surgery; this may help define the normative values for postoperative CK and in cases where a rise may be concerning. The results may be confounded by the muscular damaged produced by the dissection and retraction of the paraspinal musculature in prone/lumbar surgery; however, one cannot minimize the effect of positioning on muscular damage. During the prone procedures at our institution, the patients are positioned with a chest pad, pads on the iliac crest, and additional pads on the anterior compartment of the thigh. Pillows are placed under the legs. In contrast, the patients undergoing supine procedures are typically positioned on flat top tables with their weight distributed evenly through the scapula, spine, buttock, posterior thighs, and legs. The differences in the positioning obviously place more pressure on the anterior compartment of the thighs during prone positioning that could contribute to the postoperative CK rises. Moreover, posterior approaches are typically lengthier; revision cases and cases with instrumentation further lengthen the surgical time, all of which can increase the pressure on muscular compartments from positioning. This result is similar to the observations made in previous reports. Keene et al. [8] reported the case of a patient with bilateral gluteal compartment syndrome following prolonged positioning for a prostatectomy, Cascio et al. [9] described two cases of compartment syndrome due to prolonged lateral positioning, and Seybold and Busconi [10] described a case of anterior thigh compartment syndrome caused by prolonged lateral positioning during a scapular fasciocutaneous free flap. In comparison, prone/ posterior and supine/anterior cervical surgery cause very similar changes in the CK levels, with the prone/posterior group showing a non-statistically significant elevation in the CK levels. However, it is challenging to draw conclusions from this group because the number of posterior cervical patients was very low in this study.
The present results should be viewed in light of the study limitations. First, of the initial 134 patients included in the study, forty could not be analyzed due to incomplete collection of data at their preoperative appointment or during the follow-up period. Moreover, the positioning and approach data included patients undergoing surgery both with and without instrumentation and at multiple levels; thus, this may not reflect the true magnitude of the rise in the CK levels when extrapolating to only patients undergoing prone/lumbar surgery for decompression versus those also undergoing fusion procedures. In a similar manner, the large rise in the CK levels observed in prone positioning may be artificially increased owing to the dissection for posterior lumbar surgery in addition to that because of the muscular injury from positioning. Further, while there was a statistically significant change in the CK levels in patients undergoing revision surgery, only six patients underwent revision surgery during the study period. Finally, as mentioned earlier, this is a very heterogeneous sample with a relatively low samples size in some of the groups (prone/cervical); this may also inhibit our ability to extrapolate to different patient subsets.
Thus, the current study refers to normal rises in the CK levels following various types of spine surgery. Similar to previous reports, the present trial shows that the largest risk for a rise in the CK level is with prone/lumbar proce-dures that are lengthier and require access to more levels. This rise in the CK levels may represent injury to the paraspinal musculature, which, if extensive, may lead to rhabdomyolysis. Thus, the surgeon should minimize the risk of muscle damage during long, posterior lumbar surgeries by releasing the retractors regularly and decreasing direct muscle damage during dissection to minimize the risk of postoperative rhabdomyolysis.
Conclusions
In conclusion, this study showed that the CK levels elevated following spine surgery; this rise was most notable in the prone, lumbar group. While some of the elevation may be attributable to paraspinal muscle damage, the damage to the muscular compartments due to increased pressure in the prone position also contributed to this change. This study can be used to help determine an expected rise in the CK levels following spine surgery and shows that unless there is an exceptionally large amount of muscle damage, the CK rise does not approach dangerous levels.
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